This study reports the successful synthesis of Fe-Cu layered double hydroxide (Fe-Cu-LDH) /biochar (BC) nanocomposite by a hydrothermal method. The sonocatalytic performance of Fe-Cu-LDH/BC nanocomposite was investigated for the degradation of cefazolin sodium (CFZ), as a model emerging contaminant, from the solution. The physico-chemical properties of the synthesized samples were analyzed by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive x-ray spectroscopy (EDX), Brunauer-Emmett-Teller (BET), highresolution transmission electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS), Fourier transform infrared (FT-IR), and UV-Vis diffuse reflectance spectroscopy (DRS) analyses. The best sonocatalytic efficiency of 97.6% was achieved by using 1.0 g/L sonocatalyst, 0.1 mM CFZ, and an ultrasonic power of 300 W at pH = 6.5 (natural) within 80 min. Additionally, the effects of the addition of various oxidants, dissolved gases, and organic and inorganic scavengers on the degradation of CFZ were studied. Moreover, the possible sonocatalytic mechanism of the sonochemical degradation of CFZ in the presence of Fe-Cu-LDH/BC sonocatalyst was proposed based on the results of GC-MS analysis. The mineralization of CFZ solution was evaluated using COD and IC analyses. Finally, the reusability test of Fe-Cu-LDH/BC nanocomposite in the CFZ degradation revealed that almost 9% drop occurred after five successive cycles.
Introduction
The sodium salt of cefazolin, known as the cefazolin sodium (CFZ), belongs to beta-lactam antibiotics [1, 2] . This antibiotic interferes with the bacterial cell wall synthesis by inactivating the synthesis of a special type of protein that plays a crucial role in rigidity and strength of the bacterial cell wall [3, 4] . Among various pharmaceuticals, antibiotics as emerging contaminants, are of greatest concern due to their extensive global usage [5, 6] . The global spread of antimicrobial resistance genes can be easily transferred between bacterial species. Since the presence of genes with antimicrobial resistance weakens our ability to prevent and control infectious illness and thus, threatens human health, therefore, their removal from the aquatic media is of great concern [6] . As reported in literature, routine treatments are not capable of treating antibiotics, and this highlights the fact that the availability of an efficient technique for degradation of pharmaceuticals is highly demanding [7] .
Advanced oxidation processes (AOPs) are known as the most efficient methods in removal of pharmaceuticals. Of these techniques, application of ultrasound is the most promising one due to ease of operation, time saving, economical and environmentally friendly nature [8] . The chemical effect of sonolysis eventuates in a phenomena known as the acoustic cavitation that involves generation, growth and collapse of the microbubbles that are created as a result of ultrasound crossing through the aquatic medium [7] . The final outcome of this process is the formation of localized hot spots that possess high pressure and temperature. These hot spots provide the appropriate conditions for the dissociation of water molecules that lead to the formation of strong oxidizing agents, the • OH reactive radicals and H 2 O 2 molecules [9, 10] .
(1)
The mere use of sonolysis requires a long time to degrade the organic pollutant molecules; hence, scientists have employed solid catalysts to facilitate the process. The accelerating impact of the heterogeneous catalyst lies in the synergy effect between the ultrasonic irradiation and the catalyst [9] .
Layered double hydroxides (LDHs) are anionic binary metal hydroxides with a common formula of [ ,Cr 3+ , etc.). Hence, layers get positively charged which is then compensated by hydrated anions intercalation [11] . There are various modifications, including doping with different semiconductors and immobilization on desired substrates, to enhance the performance of LDHs as nanocatalysts [12] . The use of different LDHs as catalysts has been previously documented. For example, Zhao et al. applied Co-Mn LDH to degrade organic dyes through peroxymonosulfate activation [13] . Reductive degradation of 4-nitrophenol has been studied using Ce-doped MgAl-LDH@Au nanocatalyst [14] . Jawad et al. evaluated the activation of persulfate by CuO x @Co-LDH as a heterogeneous catalyst for pollutant degradation with controlled leaching and at broad pH range [15] . The catalytic performance of LDH-based CoO-NiFe 2 O 4 has been examined for degradation of an azo dye through Fenton-like process [16] . Zhao et al. used diatomite/ZnFe layered double hydroxides as photocatalyst for degradation of methylene blue and malachite green [17] . Also, our group employed Zn-Fe-Cl LDH for sonocatalytic degradation of an organic dye [18] . Biochar (BC) is a carbonous solid substance synthesized by pyrolysis of biomass [19] , which is widely used as a host substrate for the fine distribution of nanoparticles amid its matrix owing to its unique properties, including porous structure, high specific surface area, costeffectiveness, available feedstock and renewability [20, 21] . The biochar-based nanocomposites not only can promote the physiochemical properties of biochar, but they can also give a novel nanocomposite that takes advantage of biochar that is combined with other nanomaterials [22] .
To the best of authors' knowledge, no systematic evaluation is available on the application of sonocatalytic degradation of CFZ using biochar supported LDH. Therefore, the aim of the current study was to (a) synthesize the novel and highly efficient Fe-Cu-LDH/BC sonocatalyst, (b) characterize Fe-Cu-LDH/BC, (c) investigate the sonocatalytic efficiency of the degradation of CFZ, as a model emerging contaminant, in both presence and absence of Fe-Cu-LDH/BC, and (d) study the influence of operational parameters including sonocatalyst dosage, CFZ concentration, ultrasonic power, initial pH, various inorganic and organic scavengers, different enhancers, and dissolved gases for the degradation of CFZ. The present study, for the first time, focused on the degradation of CFZ using the novel catalyst, Fe-Cu layered double hydroxide/biochar and provides quantitative data on its sonochemical performance under various experimental conditions.
Experimental

Materials
Biochar (BC) was supplied from Sonnenerde GmbH (Austria). Cefazolin sodium (CFZ) was purchased from Dana Pharmaceutical Co. (Iran). The properties of CFZ are demonstrated in Table 1 . All other chemicals were provided by Merck (Germany). All materials were utilized as supplied without any purification, and all aqueous solutions were prepared using Millipore water.
Modification of BC
In order to modify BC as a negatively charged BC, carboxyl and hydroxyl groups were introduced onto the surface of BC by oxidation of raw BC with a mixture containing sulfuric acid and nitric acid (3:1 by volume) by ultrasonication at 80 ºC for 8 h. Next, the modified BC was filtered and then washed using deionized water until the pH value of 7. Lastly, the obtained powder was dried. As a result, the negatively charged carboxyl groups were introduced onto the surface of BC. (1.25 M) were added to the suspension. After stirring the homogeneous mixture for 30 min, it was introduced to a 200 ml autoclave and then heated at 90°C for 24 h.
Instrumentation
The X-ray diffraction (XRD) patterns of the samples were collected using a PANalytical X'Pert PRO powder diffractometer (Germany) using monochromatic CuKα radiation: λ =1.5406 Å; 40 mA, 45 kV). The Tensor 27 spectrometers (Bruker, Germany) was used to measure the Fourier transform infrared (FT-IR) spectra. Nitrogen adsorption-desorption isotherms were collected via Belsorp measuring instrument (Mini II, Japan, operated at 77 K). The morphology of the samples was characterized using high-resolution transmission electron microscope (HRTEM, FEI, Talos F200S, Netherlands, operated at 200 kV) and scanning electron microscope (Philips XL30S-FEG, Netherlands) equipped with energy-dispersive x-ray spectroscopy (EDX) analyzer (EDAX; Rigaku 2000 D/max with CuKα-radiation, 1.5406 Å; 40 mA, 40 kV). To calculate the band gap of the samples, the UV-Vis absorption spectra were recorded by a diffuse reflectance spectrophotometer (S-4100, Sinco, Korea). X-ray photoelectron spectroscopy (XPS) was carried out using a Kratos AXIS UltraDLD (Kratos Analytical Ltd., Japan) with a monochromatic Al Kα radiation (hν =1486.6 eV). The XPS data was subjected to fitting analysis using CasaXPS 2.3.16.
Evaluation of sonoatalytic activity of Fe-Cu-LDH/BC
Sonocatalytic activity of as-synthesized samples was examined in the CFZ sonodegradation. Typically, 100 ml of CFZ aqueous solution was added into a 200 mL flask and a weighted amount of the catalyst was poured into the prepared solution. To adjust the solution pH, HCl and NaOH solutions (0.1 M) were used. Afterwards, it was irradiated using an ultrasound bath (EP S3, 40 kHz, 300 W, Sonica, Italy). During the assay, 3 mL of the solution was extracted at 10 min intervals, and then the concentration of CFZ was measured spectrophotometrically (SU 6100 UV-Vis spectrophotometer, Philler Scientific, USA) at a λmax of 271 nm. The degradation efficiency (DE%) was measured using the 
where, A 0 and A t are the highest peak intensities of the absorption spectra determined at the beginning and at different time (t), respectively. All the experiments were performed in duplicate and error bars represent standard error of duplicate experiments.
To recognize the by-products formation during the initial steps of degradation, CFZ solution (0.2 mM) was treated through sonocatalysis using Fe-Cu-LDH/BC catalyst (US/Fe-Cu-LDH/BC) for 15 min, and the prepared sample was analyzed using gas chromatograph (GC, Agilent 6890) coupled with a mass spectrometer (MS, Agilent 5973). In our previous work, more detailed information is given on the procedure of sample preparation and the method used for the determination of the intermediates [23] . CFZ mineralization through sonochemical degradation was examined using chemical oxygen demand (COD) method. The COD analysis was carried out applying Palintest (United Kingdom) apparatus. COD removal efficiency was measured using Eq. concentrations were measured using a S2 Picofox total reflection X-ray fluorescence (TXRF) spectrometer (Bruker GmbH, Germany).
Results and discussion
3.1. Characterization Fig. 1(a) [24] [25] [26] . As shown in Fig. 1(a) , bare BC shows some weak peaks attributed to the CaCO 3 [27] and SiO 2 [28] phases. Moreover, the XRD pattern of Fe-Cu-LDH/BC sample reveals that all recognized peaks are matched to the both Fe-Cu-LDH and BC patterns, and no further phases have been observed. Furthermore, it is also observed that the intensity of the (003) peak decreases with introduction of BC, indicating the decrease of orderliness of LDH crystallite. The distance of (003) interlayer is found to be 0.69 nm applying formula, 2dsinθ = nλ, where λ and θ show the wavelength (1.54056 Å) and incidence angle, respectively. Additionally, the plane (003) was applied to determine the crystallite size using the Debye-Scherer equation. The average crystallite size was calculated to be˜24 nm and 22 nm, for Fe-Cu-LDH and Fe-Cu-LDH/BC, respectively. The unit cell parameters were estimated according to Bragg's law [29] . The unit cell parameter a depends on average metal-metal distances within brucitelike layers. While the unit cell parameter c describes the distances of the three anion and cation layers. The obtained values of parameters a and c for pure Fe-Cu-LDH (0.310 and 2.251 nm, respectively) and Fe-Cu-LDH lattice in Fe-Cu-LDH/BC sample (0.318 and 2.271 nm, respectively) are consistent with literature data which confirms that as-synthesized materials have the characteristics of LDH crystallite [30, 31] . ) and the CeN (1126 cm −1 ) also exists [33, 34] . For all three samples, the intense [35] . N 2 adsorption-desorption isotherms for Fe-Cu-LDH, bare BC and FeCu-LDH/BC samples are shown in Fig. 1(c) . Obviously, all of the three samples show type IV isotherms with an H 1 hysteresis loop, indicating the mesoporous nature of the materials ( Fig. 1(c) ). Data in Table 2 2 plot obtained from UV-vis diffuse reflectance spectroscopy (DRS), ( Fig. 1(d) ) [36] , where hυ and A are photon energy (eV) and absorption coefficient, respectively. Fe-Cu-LDH and Fe-Cu-LDH/BC band gap values were calculated as 2.66 and 2.02 eV, respectively. Fe-Cu-LDH/BC shows smaller band gap than that of Fe-Cu-LDH, which can be related to the incorporation of BC. From previous studies, introducing a semiconductor material onto the graphite-like carbon matrix can result in formation of vacancies leading to narrowing of band gap [37] . Fig. 2 shows the scanning electron microscopy (SEM) images of FeCu-LDH (a-d), pure BC (e-h) and Fe-Cu-LDH/BC (i-l) nanocomposite. Fig. 2 (a-d) shows the morphology of the Fe-Cu-LDH reflecting the high homogeneity of the synthesized LDH. As shown in Fig. 2(a-d) , the FeCu-LDH consisted of microspheres which were decorated with nanosheets. The majority of the monodispersed nanosheets have uniform sizes in thickness ranging from 15 nm to 30 nm. The structural characteristic of BC ( Fig. 2 (e-h)) shows its capability to act as an efficient support for immobilizing Fe-Cu-LDH. The porous channel-like structure of BC is produced through the formation of volatile substances during pyrolysis. The SEM images of Fe-Cu-LDH/BC nanocomposite ( Fig. 2(i-l) ) show that Fe-Cu-LDH decorated microspheres and BC were successfully attached together.
Semi-quantitative elemental composition of Fe-Cu-LDH, BC and FeCu-LDH/BC samples, were determined by EDX microanalysis. Fig. 3(a) reveals that Fe-Cu-LDH contains Cu, O, Fe and C elements, demonstrating the successful synthesis of Fe-Cu-LDH using hydrothermal method. Whereas, the EDX spectrum of BC sample shows the peaks that correspond to C, O, Na, Ca, Mg, Al and K elements (Fig. 3(b) ). From comparison of the EDX spectrum of Fe-Cu-LDH/BC (Fig. 3(c) ) with those of bare BC and pure Fe-Cu-LDH, it can be deduced that Fe-Cu-LDH was successfully introduced onto the surface of BC. It is important to note that EDX is a surface analysis technique and with regards to measurement accuracy, it cannot be considered as quantitative method, due to its heterogeneity over the area that to be examined. EDX data is typically used for making comparisons between the elemental compositions of a series of related materials. Hence, XPS analysis was used to quantify both Fe and Cu and determine their oxidation states in Fe-Cu-LDH structure. The full-range XPS spectrum and quantitative elemental composition of Fe-Cu-LDH are shown in Fig. 4(a) . The Cu/Fe atomic percent (At%) ratio in the Fe-Cu-LDH was found to be 2.1, which is consistent with nitrate precursors molar ratio of 2Cu:1Fe used in synthesis of the LDH material. As can be seen from the high-resolution Fe 2p XPS spectrum of Fe-Cu-LDH (Fig. 4(b) ), three peaks, Fe 2p3/2, Fe 2p1/2, and their satellite, are located at 711.9, 719.6 and 724.7 eV, respectively, revealing that the oxidation state of iron in Fe-Cu-LDH is +3 [38] . Fig. 4(c) shows the characteristic Cu 2p peaks, centered at 935.2, 943.1, 955.4 and 961.5 eV, which demonstrate the presence of copper at the oxidation state +2 [39] . The sharp peak at binding energy of 935.2 eV is ascribed to Cu 2p3/2 position of copper hydroxides and there is no peak at ∼932 and 933 eV, originated from Cu 2 O and CuO, indicating the production of high purity Fe-Cu-LDH through hydrothermal method [40, 41] .
HRTEM images of the Fe-Cu-LDH sample with different magnifications are provided in Fig. 5 . The formation of nanosheets with regular shapes can be observed in Fig. 5(a and b) . The HRTEM images of assynthesized Fe-Cu-LDH exhibit the nanostructures with hierarchical plate-like morphology, revealing the typical property of an LDH. The HRTEM image of Fe-Cu-LDH with higher magnification is shown in Fig. 3 . EDX spectra of the (a) Fe-Cu-LDH, (b) BC, and (c) Fe-Cu-LDH/BC samples. The thickness and width distribution size of nanosheets were also measured during HRTEM analysis. The obtained histograms are given in Fig. 5(d and e) . According to the results, the thickness size distribution was in the range of 15-35 nm (Fig. 5(d) ), while the distribution of width size was in the range of 50-90 nm (Fig. 5(e) ). Most nanosheets were in the range of 15-20 nm thickness with frequency of about 42%, which was found to be consistent with the results obtained from SEM images. The width size range of 50-60 nm had the highest frequency (more than 78%). Fig. 6(a) displays the results of a comparative study on CFZ removal via various processes to find out the most effective system. A low DE% (6.8%) was obtained as CFZ was exposed to sonication, probably because of the low rate of production of • OH radicals resulted from sonolysis. There was no significant CFZ removal observed by the adsorption of CFZ on the Fe-Cu-LDH and pure BC after 80 min. Interestingly, the adsorption of CFZ on Fe-Cu-LDH/BC (32.6%) exceeds those of Fe-Cu-LDH (15.5%) and pure BC (24.6%), suggesting a synergistic effect between Fe-Cu-LDH and BC. However, sonocatalysis in the presence of the pure BC, Fe-Cu-LDH, and Fe-Cu-LDH/BC nanocomposite presented degradation efficiencies of 46.1%, 73.4% and 97.6%, respectively, which could be due to (a) the decline in the threshold energy for the production of bubbles [42] , (b) the enhancement in the active sites for nucleation [43] and (c) the increment in efficiency of mass-transfer [44] which lead to production of more • OH radicals. Therefore, the US/Fe-Cu-LDH/BC system can be regarded as the efficient process for CFZ degradation, suggesting the synergistic 
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impact of hybrid reaction [45] . Further nuclei were created owing to the presence of heterogeneous sonocatalyst, followed by higher generation rate of the cavitation bubbles. In fact, the DE% was promoted by increasing the production of hydroxyl (
• OH) and hydrogen (H • ) radicals caused by pyrolysis of water molecules (Eqs. (1) and (2)) [46] . Oxygen atoms are formed after the decomposition of oxygen molecules that generate • OH radicals after reacting with water molecules (Eqs. (5) and (6)) [47] .
Moreover, the DE% improvement in the catalyst presence could be attributed to the sonoluminescence phenomena. Sonoluminescence refers to light emission through the recombination of free radicals that result from cavitation bubbles [18, 45] . The light is in the ultraviolet range capable of exciting the semiconductor as photocatalyst during the ultrasonication (US) and create electron (e (11)) [9, 45] . Finally, the resulting oxidizing agents oxidize CFZ and increase DE%.
The rate constants of pseudo-first and pseudo-second-order models of evaluated systems for degradation of CFZ were calculated by plotting ln (A 0 /A t ) and [(1/A t ) − (1/A 0 )] against time, respectively, where A 0 and A t are the highest peak intensity of the absorption spectra determined at the beginning and at different time (t), respectively [48] . The obtained results indicated that for all studied systems, the correlation coefficient (R 2 ) values of the pseudo-first-order model (R 2 ≥ 0.97, Fig. 6 (b)) were higher than those of pseudo-second-order (R 2 ≤ 0.88, data is not shown in the figure) revealing that all the systems followed pseudo-first-order kinetics, which is in accordance with P. Gholami, et al.
literature [48] . The US/Fe-Cu-LDH/BC is the most effective system considering its rate constant value of uppermost for the CFZ degradation. Since various processes including sonolysis, adsorption, and sonocatalytic were examined, the efficacy of the processes could be evaluated by analyzing the synergistic parameters for US/BC, US/FeCu-LDH, and US/Fe-Cu-LDH/BC systems using Eq. (12).
where k sonocatalysis , k sonolysis and k adsorption refer to rate constant (min ) of the as-mentioned processes, respectively. Values of 1.73, 4.31, and 5.75 were calculated for the synergy factor of US/BC, US/FeCu-LDH, and US/Fe-Cu-LDH/BC system processes, respectively. This shows an efficient CFZ degradation due to a positive interaction between ultrasound irradiation and sonocatalysts.
Effects of experimental parameters on the sonocatalytic degradation of CFZ
CFZ initial concentration
The influence of initial CFZ concentration on the CFZ DE% at pH 6.5 in the presence of Fe-Cu-LDH/BC (1.0 g/L) was studied. The results (Fig. 7(a) ) highlight that the DE% gradually dropped from 97.6% to 43.8% by increasing the CFZ concentration from 0.1 mM to 0.4 mM, respectively, within a reaction time of 80 min. This can be attributed to more active sites being occupied on the sonocatalyst, which results from higher CFZ level that inhibits the absorption of energy and heat caused by the cavitation bubbles collapse. Thus, the oxidizing agents are produced at lower level following the decreased energy, and so the DE% of the process reduces [49] . Additionally, the same level of
• OH radicals was produced by elevating CFZ concentration, while values of other operational factors were kept constant. This suggested further removal of CFZ molecules and resulting intermediates that led to the significant decrease in the DE% [18] .
Sonocatalyst dosage
The influence of Fe-Cu-LDH/BC dosage on the sonocatalytic degradation of CFZ sodium from aquatic environment (0.1 mM) at pH 6.5 was inspected at the ultrasonic power of 300 W. According to Fig. 7(b) , the sonocatalyst dosage reached an optimum value that resulted in the uppermost DE% showing an enhancement from 57.1% to 98.1% during 80 min of reaction time by raising the dosage of the sonocatalyst from 0.5 g/L to 1.5 g/L. The increment in degradation of target pollutant was primarily bacause of the high levels of
• OH radicals and reactive sites [7] . Since there was no significant improvement in the DE% by applying 1.0 g/L or 1.5 g/L, 1.0 g/L was chosen as an appropriate sonocatalyst dosage to avoid excessive usage of sonocatalyst.
Initial solution pH
A wide spectrum of pH values has been reported in industrial sewage. The pH of aqueous solutions is one of the key factors in different systems. Therefore, the influence of pH on CFZ degradation was examined at pH values that ranged from 2.5 to 10.5 by the inclusion of CFZ (0.1 mM), Fe-Cu-LDH/BC nanocomposite (1.0 g/L) and ultrasonic power of 300 W. The desired degradation rate was achieved in the pH range of 2.5-6.5. The results revealed that a higher DE% of CFZ was obtained at acidic environment compared to that of basic environment (Fig. 7(c) ). DE% of CFZ increased by decreasing the pH of solution so much so that the maximum efficiency of process was determined at acidic condition (pH = 2.5), which was found to be consistent with previous studies [50, 51] . The reason for the observed increase in DE% can be related to the variation of surface charge of nanocomposite with pH as well as the CFZ charge. In order to confirm this hypothesis, the point of zero charge (pH PZC ) of Fe-Cu-LDH/BC was evaluated to be 6.7, based on the salt addition method [52] . Below this value, the surface of Fe-Cu-LDH/BC nanocomposite is positively charged. Furthermore, the pKa value of CFZ is 2.5 and it can be assumed that CFZ molecules are negatively charged at pH < 2.5 [53] . Hence, an electrostatic attraction takes place between negatively charged CFZ molecules and positively charged surface of the catalyst at pH values ranged from 2.5 to 6.7. This leads to the higher adsorption of CFZ, and
• OH radicals react with CFZ as a result of higher adsorption on the Fe-Cu-LDH/BC surface. Moreover, low efficiency in alkaline condition (pH > 6.5) occurred due to the repulsive interactions between the negatively charged surface of nanocomposite and CFZ molecules as well as low
• OH generation rate [54, 55] . In addition, the oxidation potential of • OH species at acidic pH values is more than that of alkaline medium [56] . Due to the aforementioned reasons and from an economical point of view, the subsequent trials were carried out at pH value of 6.5, the natural pH of the CFZ solution.
Ultrasonic power
The number of active cavitation bubbles might significantly change by the extent to which the ultrasound power is applied. Therefore, using Fe-Cu-LDH/BC nanocomposite (1.0 g/L) and CFZ sodium (0.1 mM), the influence of ultrasonic power on the sonodegradation of the CFZ sodium was assessed at pH 6.5 ( Fig. 7(d) ). Ultrasonic powers of 150, 300, and 450 W yielded CFZ degradation efficiencies of 63.4%, 97.6%, and 
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97.9%, respectively, during the course of 80 min reaction time. The observed elevation in degradation rate might be due to high production rate of • OH radicals following the accelerated cavitation at high ultrasonic powers. Moreover, high extent of ultrasonic power can increase the turbulence of system, which in turn improves the mass transfer rate of pollutant from aqueous to the Fe-Cu-LDH/BC surface [57] . Finally, another possible explanation could be that unoccupied reactive sites on the surface of catalyst can be occupied in the absence of ultrasound irradiation [58] . Lowering the cost of energy consumption was the reason behind choosing 300 W as the optimal value for ultrasound power in subsequent tests, since there was no significant difference observed in the DE% using ultrasonic powers of 300 W and 450 W.
Effect of inorganic and organic radical scavengers on CFZ degradation
Various radical quenching agents such as chloride, carbonate, and sulfate ions were chosen to find the resulting possible adverse impacts of the addition of these scavengers on the sonocatalytic degradation of CFZ. Fig. 8 depicts the DE% of CFZ in the presence of three different concentrations of the scavengers. Fig. 8(a) displays that the addition of 0.1-0.3 mM of chloride to the CFZ solution leads to a significant reduction in the DE% of CFZ. While the DE% was 97.6% without any chloride, keeping the operational parameters constant, the DE%, decreased to 58.3%, 50.3%, and 40.8% in the presence of 0.1, 0.2 and 0.3 mM chloride, respectively. Fig. 8(b and c) clarifies the DE% of sonocatalysis in the presence of 0.1-0.3 mM of carbonate and sulfate radical scavengers, respectively. It was found that when the initial concentration of the scavengers increased, the inhibition impact increased as well. For instance, the DE% of CFZ drops to 80.4%, 65.2%, and 51.1% in a solution containing 0.1, 0.2, and 0.3 mM of carbonate, respectively. These anions can react with
• OH radicals and result in less active radicals through Eqs. (13) (14) (15) [23, 46] . In addition, the sonocatalyst becomes inactive towards the CFZ molecules in the presence of high levels of scavengers because the surface active sites are occupied by scavenger molecules. The inhibition effect of scavengers follows the order: chloride > carbonate > sulfate. Since hydroxyl anions are produced through reactions (13) , (14) and (15), the hypothesis can be stated that the addition of chloride, carbonate and sulfate anions can cause an increase in the solution pH and thereby, affect the DE%; hence, the variation of pH was measured after 80 min of reaction time. The obtained results showed that insignificant increase (less than 0.2) in the pH value was observed in the presence of chloride, carbonate and 
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sulfate anions. Therefore, the decrease in DE% could be attributed to the scavenging effect of these anions.
The mechanism for the degradation of CFZ using US/Fe-Cu-LDH/BC nanocomposite was determined through trapping experiments with active species via sonocatalytic process. A series of degradation experiments using various organic scavengers were performed to assess the roles of different active species in CFZ degradation. The used organic scavengers were t-butanol, benzoquinone, and EDTA, for scavenging
, and h + , respectively [59, 60] . Fig. 9(a-c) shows the resulting DE% of CFZ by employing 0.1 mM to 0.3 mM of above-mentioned radical scavengers in the presence of FeCu-LDH/BC under ultrasonic irradiation. According to obtained data, without adding any scavenging additive, the DE% was found to be 97.1%. By adding 0.1 mM of benzoquinone, EDTA, and t-butanol, DE% diminished to 83.5%, 80.8% and 67.9%, respectively. However, both CFZ degradation rates (0.2 mM and 0.3 mM of scavengers) decreased after 80 min of reaction time. Different removal rates by appending organic scavengers showed the order of benzoquinone < EDTA < tbutanol. Accordingly, it can be said that
• OH radicals play a major role in the sonocatalytic degradation of CFZ.
Effect of dissolved gases
The function of gas addition on the DE% of the CFZ was evaluated by introducing various gases, including oxygen, argon and air, into the solution via US/Fe-Cu-LDH/BC process at a 15 L/h flow rate. The bubbling of all gases improved the DE% of CFZ under the same conditions. These findings were observed to be in accordance with the features of the gases that were added to the solution. First, the gas solubility; the high-soluble gas causes more nucleation sites, and thus, facilitates cavitation [61] . Second, the thermal conductivity; despite adiabatic nature of the collapse of bubbles, little heat is lavished following the collapse and thus, the heat loss can be lowered by a gas that has a low thermal conductivity, leading to elevated sonochemical efficacy [62] . Finally, the increased polytropic ratio of bubbled gas can enhance pressure and temperature of the collapse of bubbles [62] . The values of these factors for above-mentioned gases are listed in Table 3 . Data in Table 3 and Fig. 10 revealed that argon was the best gas in enhancing the DE% of CFZ. It was also found that the positive effects of the addition of different gases on target pollutant, DE% followed the order: Ar > O 2 > air.
Oxidant effect
Oxidants can generate free radicals, and thus accelerate the process of degradation. To assess the influence of oxidants on DE% of CFZ, hydrogen peroxide (H 2 O 2 ) and potassium persulfate (K 2 S 2 O 8 ) were introduced to the US/Fe-Cu-LDH/BC process at concentration of 0.2 mM. As shown in Fig. 11 , the presence of H 2 O 2 , and K 2 S 2 O 8 resulted in increased sonocatalytic degradation rate of CFZ from 49.2% to 70.3% and 78.5%, respectively. Clearly, the addition of H 2 O 2 increased the sonocatalytic degradation of CFZ because of the enhanced generation of hydroxyl radicals [63] . When the solution is induced to ultrasound irradiation, H 2 O 2 produces
• OH radicals as shown in Eqs. (16) Eqs. (20) and (21), respectively [65] . (22)) [63] .
As illustrated in Fig. 11 
Cefazolin sodium sonodegradation intermediates
To identify the intermediates of CFZ degradation during US/Fe-Cu-LDH/BC process gas chromatography mass spectrometry (GCeMS) was applied. Table 4 demonstrates that nine compounds were identified as intermediates. The most intense fragments were listed in Table 4 ; and the bold numbers indicates the fragments with 100% intensity. The selected by-products were identified according to NIST library search and accurate match of mass for all fragments as well as the number of different atoms in the molecular formulae. The cleavage of N]N, NeN, NeC and SeC bonds could be assumed to be the early steps of the reaction resulting in the destruction of some rings with the possible formation of the compounds including five-membered aromatic and aliphatic rings containing N and S heteroatoms. The large variety of primary cyclic compounds demonstrates the complexity of the degradation of CFZ through US/Fe-Cu-LDH/BC process. It should be mentioned that there may be other intermediates formed from CFZ decomposition before the generation of these by-product compounds that were not identified. Based on the identified intermediates, two possible degradation routes were proposed for CFZ conversion (Fig. 12) . In the first degradation route, CFZ was decomposed to 1-(2H-tetrazol-5-yl)-1,2-ethanediol and subsequently, to 3-amino-1H-1,2,4-triazole-5-carboxylic acid. In the next stage, 3-amino-1H-1,2,4-triazole-5-carboxylic acid was degraded to carboxylic acids and aliphatic compounds like 2-ethyl-1-nitroguanidine. In the second route, the pollutant was degraded to 1-acetyl-2-sulfanylideneimidazolidin-4-one and then to 2-sulfanylideneimidazolidin-4-one. Subsequently, 2-sulfanylideneimidazolidin-4-one was decomposed to aliphatic compounds like N-(2-aminoethyl)methanesulfonamide and S-(2-acetamidoethyl) ethanethioate. For both routes, the as-produced carboxylic acids and aliphatic compounds were decomposed to low-carbon-content aliphatics, like ethylurea and N-methylformamide and eventually mineralized into inorganic ions, CO 2 and H 2 O.
The mineralization of a pollutant containing N and S heteroatoms proceeds through formation of various intermediate compounds such as carboxylic acids and amides, which are finally transformed to CO 2 and H 2 O and release inorganic cations and anions [68] . Therefore, an increase in inorganic ions concentration as well as a decline in COD concentration in the resulted solution can be a clear evidence for pollutant mineralization [69] . Thus, the efficiency of US/Fe-Cu-LDH/BC system was examined by the ion chromatography (IC) and COD analyses. For better determination of the concentration of inorganic ions, released from the CFZ molecules to the solution as well as COD removal, IC and COD analyses were carried out at CFZ concentration of and 0.14 and 1.17 mg/L, respectively, which increased to 4.91, 1.45 and 9.61 mg/L, respectively within 160 min of treatment time.
Reusability of Fe-Cu-LDH/BC nanocomposite
The catalyst's stability is considered to be a pivotal factor in catalytic reactions, especially in industrial purposes [23] . As displayed in Fig. 13(a) , the performance of sono-stability and reusability of Fe-Cu-LDH/BC nanocomposite was studied within five consecutive recycling tests under the same operational conditions. The sonocatalyst was collected by centrifugation, rinsed, followed by drying, and the subsequent cycles were implemented in the degradation process by reusing the recovered catalyst. The recovered sonocatalyst proved to be reusable for five cycles without showing a significant loss in its activity. The five cycles of sonocatalysis displayed degradation efficiencies of 94.2%, 91.7%, 92.9%, 87.5%, and 85.1%, respectively, clearly demonstrating the durability of Fe-Cu-LDH/BC nanocomposite for degradation of target pollutant from aqueous solution. Leaching of metal ions from catalyst surface into the bulk solution during the reaction is the main disadvantage of heterogeneous catalyst application, which not only decreases the catalytic activity, but also contributes in the pollution of treated solution. Therefore, in order to confirm the chemical stability of sonocatalyst, the total concentrations of released iron and copper were determined by TXRF analysis after each successive cycle. As can be seen from Fig. 13(b) , in the first run, the negligible leaching of iron (0.131 mg/L) and copper (0.058 mg/L) was observed and even upon further cycles, the concentrations of both metals (Fe and Cu) remarkably decreased and reached to 0.059 and 0.027 mg/L, respectively, in the fifth cycle. Hence, Fe-Cu-LDH/BC nanocomposite could be promising candidate as stable sonocatalyst for long term applications.
Conclusions
A successful synthesis of novel and effective sonocatalyst, Fe-Cu-LDH/BC nanocomposite, was developed using a hydrothermal method. The sonocatalytic activity of Fe-Cu-LDH/BC nanocomposite was studied for CFZ degradation as a model emerging contaminant. The XRD, SEM, EDX, BET, HRTEM, XPS, FT-IR, and UV-Vis DRS analyses were carried out to characterize the as-synthesized samples. A conspicuously superior sonocatalytic performance was exhibited by Fe-Cu-LDH/BC nanocomposite compared to that of pure BC and Fe-Cu-LDH samples, suggesting a synergistic effect between Fe-Cu-LDH and BC. It was found that the sonocatalyst dosage, initial pollutant concentration, ultrasonic power, and pH of the solution could affect the DE%. The highest DE% of 97.6% was obtained with 1.0 g/L of Fe-Cu-LDH/BC nanocomposite, 0.1 mM CFZ, pH 6.5, and ultrasonic power of 300 W during 80 min of the reaction. The inorganic and organic scavenging additives reduced the DE% of CFZ, implying the dominant role of reactive species, specially • OH radicals, for CFZ degradation in the sonocatalytic system. On the contrary, the addition of oxidants and gases improved the DE%. The COD removal in CFZ solution was shown to be 71.6%. Based on the results of reusability experiments, effective water treatment would be plausible through the reusable synthesized Fe-Cu-LDH/BC nanocomposite. 
